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SUMMARY 


teats vere conducted on • linear cascade o£ airfoils oscillating in pitch 
to measure the unsteady pressure response on selected blades along the leading 
edge plane of the cascade | over the chord of the center blade, and on the 
sidewall in the plane of the leading edge. The tests were conducted for all 
96 combinations of 2 mean camberline incidence angles ((Xwqt * ^ ^ 2 

pitching amplitudes (a " 0.5 and 2 deg), 3 reduced frequencies (k ■ .072, .122, 
and .151 based on iemi chord), and 8 interblade phase angles (a ■ 0, + 45, ±, 90, 

± 135, 180 deg). The pressure data were reduced to Fourier coefficient form 
for direct comparison, and were also processed to yield integrated loads and, 
particularly, the aerodynamic damping coefficient. 

The experimental rjsults of this program are presented in two volumes. 

The first volume (Ref. 1) describes the test procedure, discusses key results 
from the experiment, and provides a cursory comparison of experimental data 
and theoretical predictions. The present volume, in two parts, is a compilation 
of all data obtained during the test program, reproduced from the printout of 
the data reduction program, A further description of the contents of this report 
is found in the text that follows. 


LIST OF SYMBOLS 


Note: In thi* tabulation the firat column ia the heading from the computer 
printout reproduced herein, the aecond column ia the equivalent phyaicai aymbol 
defined in Ref, 1, and theae are followed by a brief definition, 


Symbol in 
this report 

Symbol in 
Ref. 1 

Definition 

ALPHA-BAR 

a 

pitching amplitude, deg 

AUPHA-MCL 

“mcl 

mean camberline incidence angle, deg 

CMIMAG 


imaginary part of moment coefficient per 
unit amplitude 

CMREAL 

\ 

real part of moment coefficient per unit 
amplitude 

CM-MAG 

G 

M 

magnitude of moment coefficient per 
unit amplitude 

CNIMAG 


imaginary part of normal force 
coefficient per unit amplitude 

CNREAL 


real part of normal force coefficient 
per unit amplitude 

CM-MAG 


magnitude of normal force coefficient 
per unit amplitude 

CPIMAG 

s 

I 

imaginary part of single surface 
pressure coefficient per unit amplitude 

CPREAL 

c 

p 

*^R 

real part of single surface pressure 
coefficient per unit amplitude 

CP-MAG 

C 

P 

magnitude of single surface pressure 
coefficient per unit amplitude 

DELGPI 

*^1 

imaginary part of pressure difference 
coefficient per unit amplitude 

DELCPM 

t> 

magnitude of pressure difference 
coefficient per unit amplitude 

DELCPR 

AC 

R 

real part of pressure difference coeffici 
per unit amplitude 


USX OF SYMBOLS (CoRt'd) 


Symbol in 
thii report 

Symbol in 
Ref. 1 

Definition 

FILE 

- 

internal file number, need for 
computer accesa 

K 

k 

reduced frequency 

N 

k 

harmonic number 

PHI 

«t» 

phase an^le lead relative 
to motion 

PHIM 


moment phase angle lead relative 
to motion 

PHIN 


normal force phase angle lead 
relative to motion 

POP RUN.PT 

- 

internal computer reference number 

POINT 


point number assigned during test 

Q-COMP 

q 

dynamic pressure 

RUN 

- 

run number assigned during test 

SIGMA 

0 

interblade phase angle 

V-REF 

V 

reference velocity at blade 6 

X 

X 

dimensionless distance along chord 

XI 

2 

aerodynamic damping parameter 


Supplementary Notes: 

• All pressures are normalized with respect to Q~COMP * q and ALPHA-BAR ■ 
(in radians) 

a The notation UPPER or LOWER in MODE 1 refers to the blade surface and 
pertains to the column of numbers beneath this notation 

• The notation SUCTION or PRESSURE in MODE 2 refers to the blade surface 
and pertains to the tabulations to the right of this notation 

a UPPER - SUCTION, LOWER » PRESSURE 

a The values set equal to X X are the chord fractions at which the 
measurements were made 

a Imaginary part is out of phase and real part is in phase with the 
pitching motion, 


DISCUSSIOH 


the expeciiaental procedures used and the results obtained from this program 
are both fully described in the companion technical report volume (Ref. 1). 

The objective of this data report is to provide full documentation for this 
experiment, in the form of reproduced computer printout of the data 
reduction program. However, for completeness, a brief description of the 
test program, model airfoils, and instrumentation will be included. 


Oacillating Cascade Wind Tunnel 

The experimental program was carried 'i»ut in the UTRC linear subsonic 
Oacillating Cascade Wind Tunnel (OCWT). The test section of this facility 
is 25.4 cm (10 in) wide and 68.6 cm (27 in) high, and the sidewall configuration 
is currently arranged to accept 11 shaft'imounted blades in cascade. The 
bearing mounts for these blades are equally placed along a line making a 
30 deg angle with respect to the tunnel floor, and hence the sidewall stagger 
angle of the OCWT is nominally 30 deg. The distance between blade shaft 
centers along the stagger line is 11.43 cm (4.5 in). 


Test Airfoils 

The cascade configuration consists of eleven NACA 65-series blades, each 
having a chord of c ■■ 15.24 cm (6 in) and a span of 25.4 cm (i; in), with a 
10 degree circular arc camber and a thickness-to-chord ratio of 0.06. The 
slant gap, measured along the blade-to-blade stagger line, is t ■ 11.43 cm 
(4.5 in) so the gap-to-chord ratio is x/c ■ 0.75. 

For these tests the blade stagger angle, 8?, measured between the tangent 
to the blade mean camber line at the leading edge and the leading edge locus 
line, is 30 deg. The blade inlet angle, 8- , is measured between the inlet 
velocity, V, and the leading edge locus line. Hence, the mean camber line 
incidence angle is defined as ot^ . " " ^ 1 * blade profile coordinates, 

in fraction of chord, are contained in^Table 1. The entire set of airfoils is 
coherently driven in a sinusoidal pitching motion with an amplitude of V. 


Instrumentation 

Conventional pneumatic wind tunnel instrtimentation is used to measure the 
flow properties in the test section. A pitot probe downstream of the inlet 
honeycomb measures the total pressure in the tunnel, and sidewall static taps, 
aligned with the sidewall stagger angle, are used to measure the static pressure 
along the inlet and exit planes of the cascade. Tunnel speed is set by measuring 
the inlet plane static pressure at tunnel midheight and referring it to the 
pitot pressure to calculate the dynamic pressure, q. 
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the center airfoil (blade no. 6) vaa extenaively inc trunented to provide 
measurementc of aeveral flow parametera. Ten niniature high reaponae preaaure 
tranaducera were placed on each aurface of the airfoil to obtain neaaurementa 
of unateady atatic preaauvea. This blade ia ahown achematically in Fig. 1. 

Five other bladea were alao inatrumented with miniature tranaducera. The 
bladea ar«a located in the caacade aa ahown in the achematic diagram in Fig. 2. 
Blade no. 6 ia the fully inatrumented center blade. Partial inatrumentation 
waa placed on bladea no. 3, 4^ 5, V, and 9. Vocational in chord fraction, 

Xi of all tranaducer orificea are liated for all bladea in Table 2a. As 
shown, blades 3, 5, 7, and 9 have auction aurface orifices at x ** .0120, and 
.0622, and pressure aurface orifices at x “ .0120. Blade 4 also has auction 
surface orificea at x “ .0120 and .0622 and has additional auction aurface 
orifices at x " .0050 and ,0350 with no orifice on the pressure surface. 

Finally, an array of ten miniature transducers were mounted in the tunnel 
sidewall in the plane of the blade leading edges, as shown schematically in 
Fig. 3. (For simplicity these locations are depicted as being slightly forward 
of the leading edge plane although they were actually coincident with the plane.) 
The gap fraction location, n, of each transducer relative to the suction aurface 
of blade 6 is liated in Table 2b. 


Test Plan 

A total of 96 test conditions were run, Tltese were comprised of all possible 
combinations of two mean camber line incidence angles (Owm “ 2 deg, 6 deg), two 
pitching amplitudes (tf ■ 0.5, 2 deg) three frequencies (f”«*^9. 2, 15.5, 19.2 Hz, 
and, for a constant velocity of 61 m/sec, or 200 ft/sec, this was equivalent 
to reduced frequencies k* cm/2V ■“ rcf/V ■ .072, ,122, ,151) and eight 
interblade phase angles (a * 0 deg, + 45 deg, ± 90 deg, t, 135 deg, 180 deg), 

In addition, two data runs were taken at each test condition. This was 
necessary because the number of desired data locations (47) exceeded the 
number of available data system channels (26). Hence, a relay was employed to 
switch between Mode 1, which contained all twenty blade-6 channels, five wall 
channels, and blade motion, and Mode 2, which contained all nineteen blade 
leading edge channels, six wall channels, and blade motion. Redundancy 
between modes was confined to the three leading edge stations on blade 6, one 
sidewall station, and blade motion. A tabulation of all data channels for 
each mode is contained in Table 3. In this table, the blade location is coded 
by a three symbol array denoting blade number, suction or pressure surface, and 
location sequence from leading edge. Wall stations are numbered consecutively. 
The numerical value for each location is either blade chord fraction, x» or 
sidewall gap fraction, n. 
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Uniteady Data 


Hie aequieition tate for all unateady data vaa aet at IQOO aatnplea/aec. 

Thua, for the three nominal teat frequencieai f ■ 9.2, 15.5, 19.2 Hz, there 
were 9.4, 15.9, and 19.7 cyclea of data available for analyaia, or conaervatively, 
there were 9, 15, and 19 full pyclea available. Data for each channel were 
Fourier analyzed, primarily t^ provide firat, aecond, and third harmonic reaulta 
for eaae in analyaea, but alao to provide a compact meatia of data atorage for 
aubaequent uae, Theae data have been completely tabulated in thia data report. 

In each case a total of 10 harmonics are displayed for each unateady channel. 

Unsteady data for each pressure channel were reduced to dimensionless time 
history form by successive multiplications of the raw output (in computer 
counts) by the calibration constant for each channel (volt/count) and the 
calibration constant for each transducer (psi/volt); the results were then 
divided by the wind tunnel free stream dynamic pressure (psi) and by the 
blade pitching amplitude (rad). All results are harmonically referenced to 
the blade pitching motion (vie Fourier analysis), and are normalized with 
respect to pitching amplitude. 


Data Tabulations 

All unsteady data, in reduced and normalized form, are contained in Tables 
4 through 11, Mode 1 data are contained in thia part of the data report in 
Tables 4 through 7, and Mode 2 data are contained in Part 2 of the data report 
in Tables 8 through 11. The sequence in each mode group is a “ 2 ± 0.5 deg (Tables 

4, 8), a “ 2 + 2 deg (Tables 5, 9), a • 6 £ 0,5 deg (Tables 6, 10), and a ■ 6 ± 2 

deg (Tables 7, 10). Within each table are all combinations of interblade phase 
angle, a, and reduced frequency, k, for which data were taken, as listed at the 
beginning of each table. All notation used in these tables is fully defined in 
the list of symbols in terms of the original notation of Ref, 1, For each 
parameter pair (o and k), there are four pages of printout. These are different 
for each mode, and are described separately below. 

Mode 1 tables contain primarily center blade data with integrated loads and 
some sidewall data on the third and fourth pages. Pages 1 and 2 of each set 

have single surface pressure data for each chordwise location, with 10 harmonics 

listed vertically for each item printed (N is harmonic number). The first page 
lists real and imaginary parts and the second page lists amplitude and phase 
angle of these single surface results. Pages 3 and 4 of each set contain 
differential pressure results for all ten chordwise locations. In addition, 
there are lists of normal force coefficient, moment coefficient, the integrated 
aerodynamic damping parameter, and a group of single surface sidewall pressures. 
The third page has all harmonic lists in real and imaginary form while the 
fourth page presents these as amplitudes end phase angles. 

Mode 2 tabulations are more graphical in that the data arrangement on 
each pair of pages is akin to the relative locations of the measurement 
stations in physical space. Pages 1 and 2 of each set contain real and 
imaginary parts and pages 3 and 4 of each set contain amplitudes and phase 
angles. For each pair of pages (arranged as facing pages in the tables, for 
convenience) blade number, and hence cascade location, is distributed lengthwise 


on each page» while chordwiae poaicion on each blade ia diatributed ctoaawiae 
on each page, (Note the iaolated data for blade A at x “ *005 and ,030 on 
the auction /surface, and the niaaing data for thli hHde at x " *012 on the 
preaaure aurface.) A aingle array of aidewall data ia pr#pentcd at the bottom 
of the tabulation on each pair of pagea. To obtain the complete aidewall 
diatribution for any deaired combination of parameter a, th« reader ahould 
arrange the aidewall data from the appropriate pair of Mode 1, Mode 2 printouta 
in aac#nding order of gap fraction, (In auch a caae, it will be found that 
the run number ia identical and the point numbera are conaecutive. ) 
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table i 

dimensionless airfoil coordinates in fraction of chord 

c - 15.24 cm (6 in.) 


SUCTION SURFACE 


pressure surface 


.0008 
.0046 
.0070 
.0120 
.0244 
.0494 
» 0 7 * 1^1 
.0993 
.1494 
. 1994 
.2495 
.2996 
.3998 
.5000 
.6002 
.7003 
.8003 
.6503 
.9003 
.9502 
.9975 


.0020 
.0053 
.0064 
.0083 
.0116 
.0164 
.0204 
.0237 
.0290 
.0331 
.0364 
.0387 
.0411 
.0406 
.0370 
.0306 
.0223 
.0176 
.0127 
.0078 
.0030 


.0012 

.0019 

.0054 

.0042 

.0080 

.0050 

.0130 

.0061 

.0256 

.0077 

.0507 

.0098 

.0757 

.0115 

.1007 

.0129 

.1506 

.0150 

.2006 

.0165 

.2505 

.0177 

.3004 

.0185 

.4002 

.0188 

.5000 

.0176 

.5998 

.0146 

.6997 

.0104 

.7997 

.0069 

.8497 

.0053 

.8997 

.0040 

.9497 

.0032 

.9973 

.0025 


L. E. RADIUS/c - .0024 
T. E. RADIUS/c ■ .0028 


radius center COORDIj^ATE S 
X “ .0024, y/c - ,0002 
^ ■ .9972, y/c ■ .0003 



TABLE 2 

TRANSDUCER ORIFICE LOCATIONS 
(FRACTION OF CHORD) 


a) Blade Tranaducere, Fractions of Chord 


Blade 

Number 


Values of 

X 

Suction 

Pressure 

Surface 

Surface 


.0120 

.0622 

.1478 

.2612 

.3924 

.5297 

.6608 

.7742 

.8598 

.9100 


3, 5. 7, 9 


.0120 

.0622 

.1478 

.2612 

,3924 

.5297 

.6608 

.7742 

.8598 

.9100 


.0120 


.0050 

.0120 

.0350 

.0622 


b) Sidewall Transducers, Gap Fraction 
From Blade 6 Suction Surface 


Wall Station 
Number 

Gap Fraction 
n 

1 

-.125 

2 

.0 

3 

.062 

4 

.125 

5 

.25 

6 

7 

.50 

.75 

8 

.875 

9 

.938 

10 

1.125 













TABLE 3 


BLADE DATA CHANNELS 


ATUS 

CHANNEL 


NUMBER 


I* 

2 * 

3* 


A 

5 

6 

7 

8 

9 

10 
11 
12 * 
13* 


14 

15 

16 

17 

18 

19 

20 
21 
22 
23 
24* 

25 

26 


MODE 1 


BLADE OR 
WALL 
LOCATION 


a 

651 

652 

653 

654 

655 

656 

657 

658 

659 
6S10 
6Pl 
6P2 
6P3 
6P4 
6P5 
6P6 
6P7 
6P8 
6P9 
6P10 
W1 
W2 
W4 
W6 
WIO 


MODE 2 


BLADE OR 


X 


or 


WALL 

LOCATION 


a 


.0120 

.0622 

.1478 

.2612 

.3924 

.5297 

.6608 

.7742 

.8598 

.9100 

.0120 

.0622 

.1478 

.2612 

.3924 

.5297 

.6608 

.7742 

.8598 

.9100 


651 

652 

351 

352 
3P1 

451 

452 

453 

454 

551 
6P1 

552 
5P1 

751 

752 
7P1 

951 

952 
9P1 
W3 


-.125 

.000 

.125 

.500 

1.125 


W5 

W7 

W4 

W8 

W9 


X or „ 


.0120 

.0622 

.0120 

.0622 

.0120 

.0050 

.0120 

.0350 

.0622 

.0120 

.0120 

.0622 

.0120 

.0120 

.0622 

.0120 

.0120 

.0622 

.0120 

.062 

.250 

.750 

.125 

.875 

.938 


* DENOTES REDUNDANT CHANNEL 

NOTES: *81886 location notation 

3S2 blade 3, auction surface, aecond 
transducer aft of leading edge 
(P denotes preaaure surface) 

•Transducer location values 

X is blade chord fraction 
N is sidewall gap fraction 
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TAB1£ 4 


MODE 1 DATA FOR *• 2 deg, a • 0.5 deg 


0 (deg) 

k 

page 

-135 

,0714 

18 

H 

.1230 

22 

M 

.1523 

26 

-90 

.0719 

30 

tl 

.1225 

34 

II 

. 1520 

38 

-45 

.0715 

42 

II 

,1225 

46 

•1 

.1514 

50 

0 

.0715 

54 

II 

.1210 

58 

II 

.1503 

62 

45 

.0722 

66 

II 

,1219 

70 

II 

.1526 

74 

90 

.0716 

78 

II 

.1219 

82 

II 

.1507 

86 

135 

.0717 

90 

II 

,1227 

94 

II 

.1526 

98 

180 

.0714 

102 

II 

.1213 

106 

II 

. 1504 

110 
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OCHT PERIODICITY TEST 

HCDE 1 — CENTER BLADE DATA, WALL STATIONS 


ORIGINAL RAGE IS 
OF POOR QUALITY 
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